Exudative fluids were collected from packages of five brands of all-beef wieners and inoculated to contain 104 to 105 CFU of a three-strain (Scott A, V7, and 101M) mixture of Listeria monocytogenes per ml. Listeriae were inactivated (decrease of 0.61 to 3.8 loglo CFU/ml) Listeria monocytogenes, the causative agent of foodrelated listeriosis (17, 31) , has been isolated from a variety of animals and animal products targeted for human consumption. Reports from both the United States and Europe indicate that the incidence rate of L. monocytogenes in fresh meats ranges from 0 (29) to 92% (7, 15, 28) and from 5 to 30% in ready-to-eat meat products, such as delicatessen-type products and dry-cured sausages (9, 15, 20, 31) . Current U.S. government regulations require that no L. monocytogenes be present (i.e., zero tolerance) in ready-to-eat meat
Listeria monocytogenes, the causative agent of foodrelated listeriosis (17, 31) , has been isolated from a variety of animals and animal products targeted for human consumption. Reports from both the United States and Europe indicate that the incidence rate of L. monocytogenes in fresh meats ranges from 0 (29) to 92% (7, 15, 28) and from 5 to 30% in ready-to-eat meat products, such as delicatessen-type products and dry-cured sausages (9, 15, 20, 31) . Current U.S. government regulations require that no L. monocytogenes be present (i.e., zero tolerance) in ready-to-eat meat products (10) .
Americans probably consume more wieners than any other cooked and cured refrigerated meat product (32) . Wieners are an example of a fully cooked, cured meat product that requires postheating manipulation and are therefore susceptible to contamination by L. monocytogenes before packaging. A study by the U.S. Centers for Disease Control established an epidemiologic association between human listeriosis and consumption of either non-reheated wieners or undercooked chicken (27) . The only poultryassociated case of listeriosis, attributed to consumption of Listeria-contaminated turkey wieners, was reported by the Centers for Disease Control in 1989 (4); however, there have been no reports of listeriosis from red-meat wieners. For these reasons, and because L. monocytogenes can survive and grow on wieners during refrigerated storage (11) , it is prudent to develop novel protective measures to obviate potential microbial hazards.
In this regard, some lactic acid bacteria, such as those which comprise the dominant microflora of vacuum-packaged meats (1) , elaborate bacteriocins with in vitro antilisterial activity (1, 13, 26) . Pediococci and pediocins also inhibit L. monocytogenes in fermented sausages (5) and fresh meat (21) , respectively. Natural biopreservatives, such as pediocin AcH, that are generally resistant to heating (i.e., 90°C for at least 15 min) and active at low pH (6) may also find application in thermally processed meats.
The data of Zaika et al. (32) suggest that proper heat treatment during processing of wieners would kill L. monocytogenes at levels naturally present in raw meats. Faults in processing wieners and/or postprocessing contamination may result in a tainted product. Should contamination and subsequent temperature abuse occur, the liquid (exudate) that normally surrounds wieners in their packages may provide a medium for the growth of L. monocytogenes. The behavior of L. monocytogenes in these packages would depend in part on the composition of the exudate. In this study, we monitored the behavior of L. monocytogenes in exudates collected from several brands of commercial allbeef wieners and determined the relationship between behavior of the pathogen and exudate composition. In Wiener exudates were analyzed (before inoculation with L. monocytogenes) for total solids, sodium chloride, total protein, total carbohydrates, and phenols. Total solids were determined by weighing 2 ml of exudate in a preweighed aluminum pan (6.0-cm diameter) covered with filter paper (9.0-cm diameter) before and after heating at 96°C under vacuum (6 mm Hg) for 5 h. The samples were cooled to 25°C in a desiccant chamber and weighed. Following an additional 2-h drying period, the samples were weighed again. Sodium chloride concentration was determined with a Quantab Chloride tester (Environmental Test Systems, Inc., Elkhart, Ind.), which measured chloride as sodium chloride (AOAC 24.011 [2] ). Total protein was determined with a Sigma Diagnostic Kit (Sigma), based on the modified Lowry procedure (22) . Carbohydrates in exudates were hydrolyzed with hydrochloric acid (AOAC 31.089 [2] ), and total glucose (originally present or elaborated by hydrolysis) was measured based on the reduction of NADP to NADPH by the action of glucose-6-phosphate dehydrogenase (8) using a Diagnostic Kit (Sigma). The concentration of phenols, measured as 2,6-dimethoxyphenol, was determined by the modified Gibbs method (30 by wiener exudates, the behavior of L. monocytogenes in these exudates was compared with that in a resting medium. A DR value of 0.72 at 4°C was calculated from the results of a previous study (31a) evaluating the behavior of L. monocytogenes in a resting medium (glucose-fortified citrate buffer of pH 5.5). Exudates of brands II, III, and IV therefore possessed some innate listericidal activity (i.e., killing of L. monocytogenes was greater in these exudates than in a resting medium). Exudates of brands I and V did not exhibit listericidal activity but did exhibit listeriostatic activity (i.e., these exudates prevented the growth of L. monocytogenes). In contrast, L. monocytogenes grew in a nutritious medium held at 4°C after a lag period of about 4 days (3).
The behavior of L. monocytogenes was more variable in exudates held at 25°C (Fig. 2 ) than in exudates held at 4°C (Fig. 1) . Although data for only one trial are provided, exudates in both trials of brand V and one of two trials of brand IV held at 25°C supported the growth of L. monocytogenes. The increase in counts of L. monocytogenes in exudates of brands IV and V was 1.7 and 3.6 log1o CFU/ml, respectively. The population of L. monocytogenes decreased in exudates of brands II, III, and IV during storage at 25°C in each of two separate trials. The rates of inactivation of listeriae in exudates of brands I, II, and III were initially slow but increased towards the end of the storage period. The rate of inactivation of L. monocytogenes was greatest in the exudate of brand II, a 4.2 log1o CFU/ml decrease in about 5 days. The results of a previous study (31a) evaluating the behavior of L. monocytogenes in a resting medium at 25°C revealed a decrease of 1.4 log1o CFU/ml in 5.8 days. The results in Fig. 2 show a decrease of 2 to 4.2 log1o CFU/ml in 5.8 days or less. These data indicate, therefore, that the exudates of brands I, II, and III possess listericidal activity.
Chemical composition of wiener exudates. The results of compositional analysis of the five exudates are listed in Table 3 . Significant differences among exudates were observed in total solids (range, 11.5 to 14.4%; P < 0.01) and total proteins (range, 0.8 to 1.1%; P < 0.01). More pro- Values for DR could not be calculated for L. monocytogenes in exudates stored at 25°C because of the variable behavior of the pathogen (growth in exudates of brands IV and V and death in exudates of brands I, II, and III) and nonlinear rates of inactivation. However, the behavior of L. monocytogenes in exudate stored at 25°C was qualitatively correlated with the concentration of exudate components. For example, L. monocytogenes grew in the exudate of brand V (containing the lowest concentration of phenols) and was inactivated most rapidly in the exudate of brand II (containing the highest concentration of phenols). L. monocytogenes also survived, with minimal inactivation, in the exudate of brand I, which had the lowest salt concentration, an intermediate concentration of phenols, and the highest initial pH.
Control of L. monocytogenes in exudate. Fresh exudate of brand V (which supported growth of L. monocytogenes at 25°C in the previous set of experiments) was inoculated with L. monocytogenes and challenged with pediocin AcH or the pediocin AcH-producing strain JBL1095. At 25°C, the behavior of JBL1095 in wiener exudate was similar in the presence and absence of L. monocytogenes (Fig. 3) , indicating that the pathogen did not produce any inhibitors against JBL1095. Total numbers of JBL1095 remained relatively constant at 4°C (data not shown). Antilisterial activity (production of pediocin AcH) was detected during the late stages APPL. ENVIRON. MICROBIOL. of growth of JBL1095 in exudate incubated at 25°C (data not shown).
The behavior (in exudate of brand V) of L. monocytogenes alone (control) as well as in the presence of JBL1095 or pediocin AcH was monitored during storage at 4 or 25°C. At 4°C, L. monocytogenes was inactivated in all three treatments (Fig. 4) . The inactivation rate of L. monocytogenes was similar in exudate containing L. monocytogenes only and in exudate which contained L. monocytogenes plus JBL1095 or pediocin AcH. Although the addition of the bacteriocin resulted in a rapid initial decrease (0.74 log1o CFU/ml) in numbers of the pathogen, the rate of inactivation during the remainder of the storage period was similar to that observed in the other treatments. The survival plot of L. monocytogenes in exudate containing pediocin AcH treated with proteinase K was similar to that for the control treatment (data not shown).
The exudate of brand V supported growth of L. monocytogenes at 25°C; counts of the pathogen increased 2.6 log10 CFU/ml in 3 days and then decreased during the remainder of the storage period (Fig. 5) . L. monocytogenes grew (increase of 2.4 log1o CFU/ml) in the presence of JBL1095 during the first 64 h of incubation, but counts of the pathogen declined steadily (decrease of 5.84 log1o CFU/ml) throughout the remainder of the storage period. This decrease in counts may have resulted from production of pediocin AcH during late logarithmic growth. The pH was monitored to determine the effect of acid production on the inhibition of L. monocytogenes; the final pH (3.89) of the Listeria-only treatment was lower than the final pH (4.16) of the treatment containing L. monocytogenes plus JBL1095. Addition of pediocin AcH caused a gradual inactivation (3.6 log1o CFU/ml in 6.6 days) of L. monocytogenes throughout the storage period. The effect of pediocin AcH was eliminated by the addition of proteinase K (data not shown).
DISCUSSION
Previous studies of the behavior of L. monocytogenes in raw meat have revealed differences in survival or growth based on the type of meat, the storage temperature, and the indigenous lactic acid flora. For example, L. monocytogenes survived in ground beef stored at 4°C for 14 days without any substantial change in numbers (14) but grew in lamb meat stored at 8°C (16) . The behavior of L. monocytogenes in minced beef at 8°C depended on the type and number of bacteria present. In monoxenic meat stored at 8°C, the total count of L. monocytogenes remained constant (12 (19) , inactivate the pathogen. Our results revealed a correlation between the concentration of phenols (normally used as an indicator of the intensity of smoking [30] ) and the behavior of L. monocytogenes in wiener exudate stored at 25°C. The exudate of brand II (containing the highest concentration of phenols) rapidly inactivated L. monocytogenes at both refrigeration (4°C) and abuse (25°C) temperatures. The exudates of brands IV and V (containing the lowest concentration of phenols) supported the growth of L. monocytogenes at 25°C. It is also likely that L. monocytogenes grew best in the exudate of brand V simply because this exudate contained fewer indigenous flora (e.g., competitors) than the other exudates. For the exudates of brands IV and V, it is likely that refrigerated storage was an additional safeguard that (presumably) prevented growth of the pathogen.
The observation that L. monocytogenes can survive, and in some cases grow, on refrigerated meats (11) indicates that further research on methods to control and ultimately eliminate this pathogen is needed. According to our data, the exudative fluids of all five brands of wieners tested possessed antilisterial activity at such temperatures. Growth of L. monocytogenes on wieners stored at 4.4°C (11) but not in wiener exudate stored at 4°C may be attributed at least in part to (i) loss of wiener exudate during experimental manipulation (i.e., inoculation and repackaging), (ii) uneven distribution of exudate on the surface of wieners, and/or (iii) variations in the intensity of smoking among brands and among batches of the same brand.
In conclusion, exudates from five different brands of wieners differed in proximate composition and population of lactic acid bacteria. More importantly, the exudates tested also varied in their ability to support the growth of L. monocytogenes. Exudates with lower initial pH values and higher concentrations of phenols were the most antagonistic towards the pathogen. Accordingly, a more detailed analysis of the acidic and phenolic components of smoke is warranted. For safety assurance, however, it is significant that JBL1095 and pediocin AcH inhibited L. monocytogenes (6, 13) , refrigerated dairy products (23) , and meats (5, 21) . Our data indicate that pediococci and/or associated antimicrobial agents can function as biopreservatives to eliminate pathogenic bacteria (i.e., L. monocytogenes) in cooked meats during extended refrigerated storage. To ensure a more even distribution of these and similar antilisterial agents, we are evaluating the inclusion of bacteriocins and lactic acid bacteria during product formulation.
